Objective: The shift from industrial to a service based economy has seen a decline in workrelated injuries (WRIs) and mortality. How this relates to migrant workers, who traditionally held high risk jobs is unknown. The aim of this study was to examine deaths and hospital admissions from WRI, among foreign and Australian-born workers. Methods: Tabulated population data from the 1991 to 2011 censuses, national deaths from 1991-2002 and hospital admission for 2001-2010. Direct age standardised mortality and hospital admission rates (DSRs) and rate ratios (RRs) were derived to examine differences in work-related mortality/hospital admissions by gender, country of birth, employment skill level and years of residence in Australia. Results: DSRs and RRs were generally lower or not different between Australian and foreign-born workers. Among men mortality DSRs were lower for 9 of 16 country of birth groups, and hospital admissions DSRs for 14 groups. An exception was New Zealand-born men, with 9% (95% CI 9-13) excess mortality and 24% (95%CI 22-26) excess hospital admissions. Conclusions: Four decades ago, foreign-born workers were generally at higher risk of WRI than Australian-born. This pattern has reversed. The local born comprise 75% of the population and a pro-active approach to health and safety regulation could achieve large benefits.
Introduction
The global migrant population in 2010 was estimated to be 214 million (3% of the world's population) (1) . Most migrants cross borders to seek better social and economic opportunities and labour mobility has increased with globalisation. An increasingly ageing population and workforce demand in receiving countries suggests that the need for migrant workers in those countries will not decline in the near future(2). Several countries choose to recruit more skilled workers. In 2005/06 one third of all recent immigrants to OECD countries were tertiary educated(3).
Australia's migrant intake has mirrored the country's industrial and economic development.
In the post war period up until the 1960s nearly six million European migrants arrived building Australia's manufacturing industries and infrastructure. As the country transitioned in the mid-1970s from a manufacturing and industrial to a service based economy, migrants with increased skill and educational levels were sought and it became increasingly difficult to come to Australia as an unskilled worker without family sponsorship (4) . The requirement for skilled workers tightened further in the mid-1990s. Professionals are now the largest group of recent migrants (40%) followed by technicians and trade workers (19%). In 2008, skilled migrants to Australia came from 180 countries, mainly from the UK, India, China and South Africa (5).
Every year more than 2.3 million workers globally die from a work-related injury or disease and 317 million accidents occur at work(6). Work health and safety legislation and practice differ widely between countries and the heavy burden of accidents and deaths tends to fall on workers in developing countries, where large numbers are employed in the high risk industries of agriculture, fishing and mining(6). Australian states and territories began developing their own Occupational health and safety legislation in the 1970s and enacting their legislation from the mid-1980s (7) . The movement of workers from the high risk industries to the service industry occurred from the 1970s in Australia. During the same time period road traffic fatalities, estimated to be the cause of up to 30% of all work-related deaths in Australia (8) , declined markedly (9) . These factors and the transition from manual work to automation has led to a reduction of workers in hazardous conditions and in work-related injuries (WRI) and work-related mortality (WRM) (7) . The work-related injury mortality rate in Australia in 1982-84 was 8.06 per 100 000, 12.05 for men and 1.34 for women (10) . It declined to 3.8 per 100,000, 8.9 for men and 0.7 for women between 1989-92(11) and to 1.93 per 100 000, 3.26 for men and 0.33 for women in 2010-11 (12) .
Deindustrialisation was associated with a 10-15% decline in the incidence of work-related injury mortality in the US between 1980 to 1996(13). Yet as WRM for the entire US reduced between 1996 and 2001, it increased among foreign-born workers from 4.3 in 1998 to 5.7 per 100 000 employed workers in 2001 (14) . Similarly, Latino immigrants working in non-agricultural jobs reported a WRI rate that was almost twofold that of the US-born rate (15) . Higher work-related fatalities and injuries in migrant workers have been reported in several other countries, suggesting that migrant workers are likely to be overrepresented in jobs that involve a high risk of injury (16) . In Canada, foreign-born men in their first five years of residence had an increased risk of WRI that required medical treatment, compared with the Canadian-born population (17) . Similarly, WRIs were twice as likely among foreignborn than local born workers in Germany, the Netherlands, Switzerland and France (16) . In Australia, overall WRM among foreign-born workers were similar to those of Australianborn workers between 1982 and 1984 (18) . However foreign-born workers from non-English speaking countries, e.g. Italy, Greece and Germany working in mining and rural occupations had higher WRM than Australian-born workers, but a general convergence toward the Australian rate was observed with increasing length of residence. The aim of this study was to examine trends in WRM and in hospital admissions due to WRIs, among foreign and Australian-born workers over the last two decades.
Methods

Data Sources
This study used national censuses to assess the population at risk, and deaths records and hospital admissions records to determine work-related injuries and deaths. Use of the data sources was limited by potential disclosure but across all three we obtained or derived similar categories of age groups, country of birth groupings, and length of residence. Censuses while the mortality and hospital admissions were continually recorded. Annual estimation of the population at risk was therefore derived using linear interpolation applied to population totals in consecutive censuses. Deaths, hospital admissions and population at risk were then summed over five-year periods due to small numbers of events.
Gender specific WRM rates and hospital admission rates by country of birth were directly standardized (DSR) using the age structure of the World Standard Population(22) to allow the examination of absolute country differences in WRM.
Negative binomial regressions were used to compare the country-specific WRM rates of the foreign-born workers with those of Australian-born workers, and to account for over dispersion. The regression models were stratified by gender and adjusted for age, census period and employment skill level. The same approach was used to compare hospital admission rates but the models were adjusted for only age and census period. The effect of length of residence among foreign-born workers was examined using the rates of Australianborn workers as the reference category.
Results
There were 5156 WRM between 1991 and 2002 and 659 563 hospital admissions between 2001 and 2010 due to a work-related injury or illness. Death rates and hospital admission rates were far higher in men than women (Table 1) .
Among men, death rates were lower for 9 country of birth groupings than for those born in Among women, death rates did not differ significantly and small numbers of deaths may have limited significance for the generally low mortality pattern. Hospital admissions were less likely for 12 country or region of birth groupings than for those born in Australia. The rates were higher for those born in the UK and Ireland, and in New Zealand. The lowest rates were for those born in Vietnam, China and Malaysia (Table 1) . The pattern of lower hospital admission rates among men for all country or region of birth groupings compared with Australian-born workers remained the same after adjusting for age 
Discussion
This study is the first examination of deaths and hospital admissions due to WRI among foreign and Australian-born workers, after the transition to a service based economy and the consequent demand for more skilled migration. A consistent pattern was lower mortality and likelihood of hospital admissions for foreign-born workers, including workers from countries historically thought to be at greater risk. For example both men and women from the Eastern Asian countries had lower hospital admissions than Australian-born workers. Men from New Zealand, on the other hand, appeared to be at greater risk of hospital admissions due to WRI.
Overall the rates of WRM fell in Australia from the 1990s.
Studies from other countries have found disparities in fatal (23) (24) (25) (26) and non-fatal workrelated injuries (15, 17, 27, 28) among migrants compared with native-born populations, in contrast to this current study. In those other studies migrants or foreign-born workers tended to work in agriculture and construction and were often temporary and unskilled workers (15, 24, 28) . This is not the case in Australia. From the 1970s it became increasingly difficult for unskilled migrants to enter Australia other than on a humanitarian or family reunion basis (4) and from the mid-1990s Australia has specifically encouraged skilled migration (29) . Most migrants to Australia come as permanent migrants. Participation in the labour force (75%) and unemployment (6.3%) is higher compared with 68% and 3.2% respectively for the Australian-born (30) . Working in jobs below their qualification level is an issue with 29% of professionals being employed as professionals in their first job, increasing to 39% in a subsequent job (5, 31) . Illegal migration is not a significant problem and was estimated to be 60,900 at June 2012(32). Substantial changes in migrant stock to Australia and the industry they work in after arrival may explain why this study did not find an excess risk of WRM.
In this present study, Australian-born workers have higher rates of WRM and WRI than foreign-born workers. Zealand males are more likely to work in construction (21%) and manufacturing (13%) than the Australian population 15% and 12% respectively. Of those working in construction 46%
were technicians or trade workers and 28% were labourers, whilst those in manufacturing were technician or trade workers (29%), machinery operator or driver (20%), manager (19%) and labourer (18%). New Zealand women tend to work in manufacturing, retail and health care and social assistance (36) . These occupational disparities may explain why New
Zealanders have a higher risk of hospitalization for work-related injuries and a suggestion of a higher risk of work-related injury fatalities than Australian-born workers.
Australia ranked seventh among ten European countries and New Zealand in a comparison of WRM based on data from 1998-99 and 2000-1, after standardising for differences in industrial sector(34) . Only Belgium and Germany (3.0 per 100 000) and New Zealand (3.6 per 100 000) had higher WRM than Australia (2.8 per 100,000). The UK and Sweden had the fewest fatalities at 1.7 per 100 000(34). Other work showed higher WRM rates for New Zealand (4.9 per 100 000) compared with Australia (3.8 per 100 000) and the US (3.2 per 100 000)(37) between 1989-92. Our findings suggest that without migration and the attenuating impact of migrant workers on work-related injury statistics, Australia may fare worse internationally in terms of injury rankings.
Limitations and strengths
A limitation of this study is that in Australia hospital admissions for work-related injury or illness can only be identified if the payment status for the admission was workers' compensation. Other work has shown that this method of capturing is associated with an underestimate in the number of WRI. For the State of New South Wales, 69% of all WRI hospital admissions (38, 39) were identified using this method and under counting was larger among persons from non-English speaking backgrounds than English speaking, where 60%
and 71% of hospital admissions for WRI were identified respectively (38) . Differential access to workers compensation could depress the hospital admissions for WRI among foreign-born than Australian-born workers but this issue has not been examined in Australia (40) .
Another limitation refers to the use of death certificate as a source of WRM as Australian death certificates do not specifically identify WRM. We used the External Cause codes in the relevant ICD volumes. The major cause of WRM is traffic accidents, e.g. driving as part of the job and commuting to/from work. Half of all WRM in Australia in 2010-2011 were the result of a traffic incident (41) . However, we were unable to examine traffic incidents as they are not coded in the ICD volumes if they are work-related or not. There is little information on whether the incidence of traffic fatalities differs by migration status, but Factor et al Excluding traffic accidents may have underestimated the risk of WRM among foreign-born workers (42) .
We found that the risk of hospital admission for a work-related injury or illness increased over time in contrast to WRM which decreased. There are several possible explanations for this disparity. Firstly is that the hospital admissions data captures all hospital admissions paid for by workers compensation, including illness as well as injury. So included in our data would be admissions for occupational cancers (e.g. mesothelioma) or other work-related illnesses such as asthma. It has been estimated that 5000 invasive cancers and 34,000 nonmelanoma skin cancers per year in Australia are caused by occupational exposure to carcinogens (43) . In addition work-related injuries resulting from road traffic accidents will have been included in the hospital admissions data but not included in the mortality records.
The remainder group 'All other countries' had a greater likelihood of hospital admissions but not of mortality than the Australian-born. We were unable to examine this group in detail due to disclosure. However, further analysis of the 2001 Census showed that 30% of males from this group worked as tradespersons and related workers, and 24% worked as labourers and related workers suggesting that they may be working in the more risky occupations.
Sixty two percent were aged less than 45 years. Among females 65% were aged less than 45 years. Fifty two percent worked as intermediate clerical, sales and service workers and 21% as labourers.
There are two key strengths of this study. It is based on national data over a sixteen year time span, and covers both hospital admissions and mortality from WRIs. It is one of a few studies to examine WRM and hospital admissions among all foreign-born workers across different occupations, not limited to those who work in the high risk industries.
Conclusion
The rates of WRM have fallen since the 1990s, but Australian-born workers appear to be at a greater risk than foreign-born workers. These findings signal the need to continue to promote occupational health and safety in all industries and high risk industries specifically to further reduce the risk of work-related accidents and injuries to all workers in Australia.
17
Online 
